INTRODUCTION
Various studies on the preventive vaccination against syphilis infection hitherto may be said generally to have ended in failure . The classic iuformations, which were made with the so-called attenuated treponemata by passage through monkeys or rabbits , were not reliable, because other workers', 9) failed to prove diminution of virulence of treponema by this method.
Almost all the attempts1, 2, 3, 4, 6, 8, 9, 11, 24, 25) to immunize toward syphilis with heated or dried materials of syphilitic tissues and saline -, glycerin-, antiformin-or alcohol-solutions theirof were unsuccesful , though a few exceptions such as Tatsumi's22,23) could be found . He claimed that he had succeeded in confering the local immunity to rabbit testicles with syphilitic coctigen.
In contrast to these unsuccessful experiments in which virulent tissue-treponemata were used , an attempt to give an active immunity by use of avirulent culture-trepomemata seems to be promising . Yamato26) claimed that good results were obtained by immunizing monkeys and rabbits with his heat-killed culture-treponema vaccine . Recently Hilgermann5) published that his culture-treponema vaccine was considerably effective on the therapy of syphilitic patients . Some other authors7,12, 14,15) also appreciated the effectiveness of the vaccine . On the other side, there were not a few workersl0,13,27) who negated these works . We want, however, to set aside the criticism on these experiments until a sure cultivation of Treponema pallidum will be completed , because it is not yet clear whether the so-called culture-treponemata are truely syphilitic agents or not.
At any rate we must now consider the reason why killed syphilitic vaccine remains ineffective. The first question is about the nature of syphilis immunity itself.
Is the refractory state toward syphilis infection not acquired with the killed organisms , because it may not be a true im-*The studies were already published in Juzenkai Zasshi , 46: 3222, 1941 (in Japanese) and the publication in European language is postponed due to the second World War. According to a series of our experiments16, 17, 18, 19, 20) , the syphilis immunity also is not a specific one different from those of other acute infectious diseases, but it is proved to be a true immunity.
The second question is the antigenic nature of treponema.
Most of the researches13, 21) have recently recognized that the tissue-treponema is hard to manifest its antigenicity both in vitro and in vivo. So it seems to be natural that the vaccine manufactured by usual process has no antigenic power. In this point we21) found that tissuetreponema treated with dilute antiformin became to show marked agglutination with syphilitic sera in vitro and, when injected into rabbits, to produce high titre of agglutinin.
It is now considerably interesting to experiment whether the active immunity toward syphilis infection can be established by use of such an antigenic suspension or not. The third question is about the number of treponemata in vaccine. 2) Preparation of vaccine : Rabbit testicular chancres were removed at the height of the inflammatory reaction ; they were weighed and minced with scissors and ground in a mortar with pestle ; physiological saline solution was added in the ratio of 3 cc to 1 g of testicle ; the suspension was filtered through double gauze, centrifugalized for 5 minutes at 1,000 r.p.m. to remove coarse tissue particles ; antiformin was added in a concentration of 0.5-0.7 per cent, mixing by shaking by hand, and then the suspension was allowed to stand for 30 minutes at room-temperature ; after this process it was centrifugalized for one hour at 3,000 r.p.m. ; the surface of the sediment thus obtained was washed once with a large quantity of saline solution, then it was suspended in saline solution containing 0.5 per cent carbolic acid and kept in an ice-box. In order to extract treponemata as many as possible , we used to perform the extraction as follows : Removed testicles were put in a mortar , cut into small pieces, stirred with one third of the saline solution to be used and filtered through gauzes ; remaining tissues were again ground with pestle, suspended in another one third of the estimated quantity of saline solution ; stirred and filtered through the former gauzes . The rest of tissues was once more treated in the same manner . These three fractions of suspensions were mixed together . We used the antiformin manufactured by Ishizu Co., Osaka . We kept 10 per cent aqueous solution of it in an ice-box and added this stock-solution to testicular suspensions in the ratio of from 1:13 to 1:19. The quantity of the phenol-saline-solution , which should be added to centrifugalized treponema-sediment , varied, because we modified variously the number of treponemata in the suspensions .
3) Sterility test of treponemata in vaccine : On the day on which we began to immunize rabbits, we introduced 1 cc of vaccine into each testicle of two normal rabbits, removed their popliteal lymphatic glands after a considerably long period and implanted the latters into the subscrotum of other normal rabbits, whereby no syphilitic lesions could be recognized . On the other side, popliteal glands of some immunized rabbits were enucleated just before the infection test and investigated in the same manner. On the 67th day after the injection test, left side popliteal glands of the remaining immunized rabbits were removed and introduced into subscrotum of healthy rabbits, which were observed for 100 days. The popliteal glands of the five rabbits of the first group, which showed no syphilitic symptom, caused also no syphilitic lesion and that of a rabbit of the same group, which produced one chancre by the infection test (H477), formed a scrotal chancre after the incubation period of 65 days. In the second group, each lymphatic gland of two rabbits, which showed feebly syphilitic symptom, caused scrotal chancre. This experiment indicates that treponema of the infection test did not produce a local chance, and furthermore did not invade the lymphatic glands asymptomatically, in other words, the refractory animals got a high degree of the true immunity toward the infection test by injection of killed organisms.
4) Preparation
The agglutinin titre of sera from the first group was investigated : before the vaccination it was generally 1:20-1: 40 and on the 9th day after the last vaccination it reached 1:800-1:3,200, but we could find no parallelism of this titre to the development of chancres. The Wassermann reaction on these sera always proved negative before and after the immunization. Note : 1) 0 0 0= The incubation period of chancre at the sites, where original, 1:10 and 1:100 infectious suspensions were inoculated. 2) 0 0 0 = Maximum diameter of chancre at the sites, where original, 1:10 and 1:100 infectious suspensions were inoculated. 3) 100 days = Animal lived for 100 observation days. 4) 95 days = Animal died on the 95th day after the infection test. 5) (-) = negative result of lymph-node inoculation (observation 100 days). 6) = not investigated. 7) (+)65= positive result of lymph-node inoculation and the incubation period of chancre. 6) EXPERIMENT 6 (Table 2 and 3) In this experiment we tried to investigate the duration of the refractory state after the artificial immunization and the relationship of the treponem al strain in the vaccine to the strain for the infection .
Preparation of vaccine : The strain No . VIII and its 211th passage was used ; from 115 rabbits, which were infected intratesticularly on September 30 and October 4, 1940; 195 testicles were removed from October 16 to November 1, 1940; their total weight was 904 g ; these were suspended in 120 cc of phenol-saline-solution; the number of treponemata reached 600 million per cc ; the vaccine was 3-24 days old , when we began to use it for immunization.
Treatment of experimented rabbits : Each 1 cc of the vaccine was injected subcutaneously into buttocks of 20 rabbits once a day form November 4 to 9, 1940. So, they received individually altogether 3 ,600 million of killed organisms. These animals were classified into two groups for two kinds of experiments.
(a) The first part of the experiment (Weight of rabbits 2,000-2,560 g, average weight : 2,201 g). The first group was 9 rabbits, which were immunized with the vaccine by the above described method ; they were f infected with the homologous strain No. VIII and with a heterologous , strain No. I on the 9th day, November 18, 1940, after the last vaccination. The second group was 7 control normal rabbits.
Treponemal suspensions for the infection test and others : On November 18, 1940, we removed respectively a rabbit testicle of the 211th passage of the strain No. VIII and a rabbit testicle of the 207th passage of the strain No. I ; we prepared two kinds of infectious suspensions from them with broth-saline mixture, containing 2 treponemata in each microscopic field. These suspensions were further diluted with broth-saline mixture to 1: 10 , 1:100 and 1: 1,000 respectively. Then suspensions of the strain No . VIII were inoculated into left side backs and those of the strain No . I into right side backs of the rabbits. The duration of investigation was 90 days thereafter, in the course of which 2 rabbits of the first group and 1 of the second group died in. an early stage.
Results : As is apparent in Table 2 , in the first group of rabbits the completely symptomless rabbits were 2 out of 7 animals (28 .6%) toward the homologous infection and 1 out of 7 (14 .3%), toward the heterologous infection ; the inoculation-negative sites were 17 out of 28 sites (60.7%) toward the homologous infection and 8 out of 28 sites (28 .6%) toward the (b) The second part of the experiment (weight of rabbits : 2,000-2,600 g, average weight : 2,350 g). The first group was 11 rabbits, injected with the vaccine described above. Two of them died before the infection test, and the remaining 9 rabbits were used for infection test with the homologous and the heterologous strains on the 74th day, January 22, 1941, after the last vaccination. The second group was 7 control rabbits. The duration of the investigation was 90 days thereafter. We had one early-dead rabbit in the first group.
Results : As is shown in The agglutination titre of sera, taken on the 9th day after the last vaccination, was 1:800-1:6,400 and that of sera of the rabbits used for the second part of the experiment, taken on the 72nd day after the last immunization, was 1: 400-1:1,600, i.e. about one fourth of the former titre.
The relation between the agglutination titre and the resistance to the infection was not clear. The Wassermann reaction of these sera was negative thoughout before and after the immunization.
SAMMARY
The active immunity against syphilis was unable to be acquired, though 1 cc of the vaccine, which contained 15-25 million treponemata per cc, was injected intravenously into the rabbits 21-28 times (a total of 315-700 million organisms) and the result was also the same, even if 1 cc of the vaccine containing 200 million organisms per cc was injected intravenously 7 times (a total of 1,400 million organisms). We, however, were able to obtain a hopeful result by injecting 14 times intravenously the other vaccine, containing the same number of treponemata as the third vaccine (a total of 2,800 million organisms).
Here 50 per cent of the 82TANI et al We injected another vaccine containing 600-700 million treponemata per cc, subcutaneously into the rabbits 6 times or more (a total of 8,600-8,400 million organisms) and found that in one experiment the number of inocultion-negative sites was 7.8 times, and in another experiment 7.1 times as many as that of control animals. This active immunity remained invariably until the 74th day after the last vaccination.
The popliteal lymphatic glands of the immunized and symptomless rabbits were removed and introduced into subscrotum of the normal rabbits, but all the glands failed to produce chancres. So we have now become to believe that the insusceptibility following the immunization would be due to the treponemicidal and true immunity.
We must here especially note the fact that the effective vaccines contained 600-700 million treponemata per cc and the total injected organisms reached roughly more than 3,000 million.
Investigating articles in the past from the standpoint of treponemata number in vaccine, we find that their vaccines were extremely dilute : in the case of Neisser and Bruckll), the ratio of syphilitic material to saline solution was 1: 4 ;
Uhlenhuth and Mulzer25) mixed 2 g of dried syphilitic testicles with 40 cc saline solution ; 1-Ionda6) suspended the testicles in 5-10 times water as much as the weight of testicles, while we suspended 10 g of wet testicles in about 1 cc saline solution. Thus it may be said that the failures of former authors might be chiefly due to the scantiness of treponmata in their vaccines. Now it has become very interesting problem whether the treatment with antiformin is an indispensable condition for the vaccine preparation or not, because it is clarified that the number of organisms in vaccine is a very important factor. We must also reconsider such a signification of "antigenic vaccine" as described in the introduction.
CONCLUSION
We studied on the problem as to whether killed treponemal suspensions treated with antiformin could produce an active immunity against syphilis infection or not. The results are as f allows :
1) We could not find the occurrence of an active immunity against intracutaneous infection of syphilis, although 1 cc of vaccine containing 15-25 million of killed treponemata per cc, was injected intravenously 21-28 times, a total of 315-700 million organisms.
2) The result was also negative, when 1 cc of vaccine, containing 200 million of killed treponemata per cc, was injected intravenously 7 times , a total of 1,400 millions of organisms . But when the other vaccine, containing the same number of treponemata, was injected intravenously 14 times, a total of 2,800 organisms, the immunized rabbits showed the inoculation-negative sites by 3.7 times as many as that of control animals .
3) So we increased the concentration to treponemata in vaccine to the amount of 600-700 million per cc and injected subcutaneously each 1 cc 6-12 times, a total of 3,600-8,400 million organisms.
Hereby it was proved that chancre-inhibiting power of immunized rabbits was 7-18 times as much as that of control animals against the intracutaneous infection with syphilis.
4) This refractory state of animals invariably remained two months and a half after the last vaccination.
5) Even when the infection test was carried out with a heterologous
strain, we also found the same degree of resistance as that toward the homologous strain, provided by using the previously described infection dose and infection manner.
6) Popliteal glands of immunized and completely asymptomatic rabbits
were removed after the infection test and introduced into subscrotum of normal rabbits, to judge whether the rabbits received a symptomless infection or not. All these investigations failed to produce sypilitic lesions .
From the foregoing we believe that the conception of a true and lasting immunity in syphilis can be established .
Addendum : Recently Eagle and Fleischman published an article (J , of Exper. Med. 87 (5) : 369, 1948) , in which they attempted to immunize rabbits with heat-killed treponemata . According to their experiments, no refractory state against syphilis infection could be proved , even in the rabbits, which were injected intravenously with such a considerably numerous treponemata as 38 billion in total within a few months . Judging from their experiments, it seems to have been confirmed that the heat-killed treponemata, obtained from rabbit testicles, can manifest no antigenic effect, whatever number of such treponemata may be injected into rabbits .
The immunogenic substance of treponema seems to be masked deep within the body as they also predicted in their discussion , so we had to remove its hull in order to make the treponema antigenic , for instance in such a manner as we tried with antiformin . Contrary to their findings, the pro- 
